In Escherichia coli K-12, the receptor for phage lambda is an outer membrane protein which inactivates the phage in vitro. Lambda receptor activity was found in extracts from all wild strains of E. coli tested, although most of them fail to support growth of the phage. In some cases this failure is due to a masking of the receptor in vivo, the bacteria being unable to adsorb the phage or to react with antireceptor antibodies. In other cases, adsorption does occur, and the nature of the block in phage growth was not investigated. Most Mal+ strains of Shigella have lambda receptor, whereas most Mal -strains do not have it. Synthesis of the lambda receptor in Shigella is thus presumably controlled by the positive regulator gene of the maltose regulon as is the case in E. coli K-12. Phage lambda adsorbs on many Mal+ strains of Shigella and even yields plaques on some of them, although at a low frequency. No lambda receptor activity could be found in extracts of several strains of Salmonella and Levinea.
Bacteriophage lambda was originally isolated from a culture of Escherichia coli K-12, which happened to be lysogenic for this phage (8) . Since its discovery, phage lambda was tusually propagated on nonlysogenic derivative of E. coli K-12 or more rarely in E. coli C (2), in strains of Shigella flexneri (5) , and in hybrids between E. coli and Shigella (5, 11) or Salmonella strains (1) . There is little information in the literature on the host range of this bacteriophage. We found that plaques of phage lambda could be obtained on only five out of 70 randomly selected strains of E. coli. The inability of most strains of E. coli to support growth of the phage could be due to one or more of several reasons, the most obvious being that those strains do not adsorb the phage, perhaps because they lack the specific receptor. However, possession of the receptor may be suspected to confer a selective advantage since this receptor has been shown to be a protein of the outer membrane (15) involved in the active transport of maltose (S. Szmelcman and M. Hofnung, manuscript in preparation) and in chemotaxis towards this sugar (G. Hazelbauer, J. Bacteriol., in press).
We show in this paper that lambda receptor activity is present in extracts of most wild strains of E. coli, as well as in extracts of several Shigella strains. In some of those strains the receptor is apparently not accessible to the phage, so that the lack of phage growth can still be attributed to a lack of adsorption. In other strains adsorption of the phage does occur, and the block must therefore lie at a further step in the infection process.
MATERIALS AND METHODS
Bacterial strains. All the strains used are listed in Table 1 , except for E. coli K-12 CR63 used to plate phage XVh (15) . HfrG6 is our standard wild-type, lambda-sensitive strain of E. coli K-12, while pop 1730 is a spontaneous lambda-resistant mutant of HfrG6, carrying a deletion (malBA17) encompassing lamB, the structural gene for the lambda receptor protein (7, 15) . The other strains, except for E. coli ML30 (3), were chosen at random in the collection of the Service des Enterobacteries de l'Institut Pasteur. The E. coli 0 strains are reference strains for 0 serotypes. The other strains have been isolated from various sources, mainly from hospital patients. Characterization of the strains was done according to the classical techniques (4 ing phage had the following composition: 1% tryptone (Difco), 0.25% NaCl, and 1% agar (Difco).
Extraction and assay of the phage lambda receptor. Extraction of the receptor from whole cells with 1% sodium cholate and 2 x 10' M ethylenediaminetetraacetate (EDTA), as well as assay of receptor activity, were described previously (15) . The rate constant for phage XVh inactivation is proportional to the concentration of receptor present.
Preparation of antiserum directed against the lambda receptor. Partially purified receptor was prepared as described (15) except for minor modification due to the scaling up of the procedure. The main modification is the introduction of a precipitation with 66% ethanol before the chloroform-ethanol treatment. Protein (150 ug) from the most purified fraction (representing about 100 jtg of receptor), emulsified with complete Freund adjuvant and 5 Mg of methylated bovine serum albumin, was injected subcutaneously into a rabbit. The injection was repeated once a week over 4 weeks. The fifth week, 300 tig of proteins was injected intravenously and the serum was collected 10 days later. Exhaustion of the serum from antibodies reacting with E. coli surface antigens other than the receptor was done by incubating the serum with 2 volumes of a pop 1730 suspension (10l bacteria/ml) in saline (0.9% NaCl) for 1 h at 37 C and then 10 h at 4 C, and by elimination of the bacteria by centrifugation. Lambda receptor activity is inhibited in extracts by this antiserum, but not by sera from nonimmunized rabbits. Protection of the receptor from inactivation by the antiserum is provided by an extract from CR63 (a lambda-resistant mutant with a point mutation in lamB) and not by an extract from pop 1730 (a strain whose lamB gene is deleted). These results, which will be described in detail elsewhere, demonstrate the specificity of receptor inactivation by the antiserum used in this work.
Immunofluorescent labeling. The technique used consists in first reacting the bacteria with rabbit anti-lambda receptor antiserum prepared as described above and then adding fluorescein-labeled goat immunoglobulins directed against rabbit immunoglobulins (13) . This technique clearly differentiates between cells of HfrG6, which become labeled with fluorescent antibodies, and cells of pop 1730, which remain unlabeled. In control experiments, the antilambda receptor antiserum was omitted and no labeling was observed.
Electron microscopy. Exponentially growing cells were centrifuged and resuspended at a concentration of 10' bacteria/ml in 10-2 M MgSO,. Purified Table 2 demonstrate that the activity found in extracts of E. coli and Shigella strains can be inhibited by an antiserum directed against the lambda receptor of E. coli K-12. The activity in such extracts is thus likely due to a protein similar to the lambda receptor of E. coli K-12. As can be seen in Table 1 a The antiserum against lambda receptor was used at a 1/30 dilution in saline. E. coli extracts were diluted 100-fold, and S. sonnei extracts 10-fold, in 10-2 M Tris buffer, pH 7.5. These diluted extracts were incubated for 1 h at 37 C with 100 ul of saline (untreated extracts) or with 100 pl of the diluted antiserum (extract treated with antiserum). The volumes were then completed to 1 ml with 10-2 M Tris buffer and, at time (t) = 0 min, 1 ml of a suspension of XVh in 10-2 M MgSO4 was added. One-hundredmicroliter samples were withdrawn immediately (t = 0 min) and 12 min later (t = 12 min) and added to 100 uI of indicator bacteria (CR63) for plating.
presence of some other component in the extracts still remains to be found.
Absence of receptor activity in extracts of strains other than E. coli and Mal+ Shigella could be due either to an actual absence of receptor in these strains, or to a lack of extraction of the receptor by 1% sodium cholate and 2 X 10-3 M EDTA. In fact, as seen in Table 1 , the amount of protein extracted varies depending on the strain. However, no obvious correlation was found between the amount of protein found in the extracts and the presence or absence of receptor activity. Also, even sonic extracts of two Salmonella strains and five Mal -Shigella strains, supplemented with 1% sodium-cholate and 2 x 10-3 M EDTA, were found totally devoid of lambda receptor activity. (Extracts of E. coli K-12 HfrG6 prepared in this way have the same activity as regular cholate EDTA extracts.) Consequently it would seem that absence of receptor activity in cholate EDTA extracts of a strain really reflects absence of active receptor in these strains, rather than a lack of extractibility.
Accessibility of lambda receptor in vivo.
Several of the strains listed in Table 1, mainly those which were shown above to have receptor, were tested for their ability to adsorb phage lambda. As seen in Table 3 
